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Bacterer-i~ of enteric origin has been found to occur in a  high percentage of 
mice during the  2nd  week following a  single exposure to  a  moderate dose of 
ionizing radiation (1).  This was demonstrated on 288  mice, of which 20 were 
killed for heart's blood culture each day following 600  r  x-irradiation, and on 
595 mice, of which 35 were killed and cultured each day after 450 r. The per- 
centage  of positive blood  cultures was  higher among  the  mice receiving the 
larger dose of x-ray, but in both series its maximum  was reached during the 
period of greatest mortality. These results, however, merely indicated the pres- 
ence or absence of bacteria in the circulating blood at the time of sacrifice. The 
next step toward an  understanding of the pathogenesis of these  spontaneous 
bacteremias was  the  determination  of  their  time of onset and  duration.  Ir- 
radiated mice were accordingly subjected to a  series of daily blood cultures. 
Materials and Metkods 
Mice.--lO week-old  female  Rockland "RAP" mice,  weighing  20  to  25  gin.  were  used. 
They were segregated after irradiation and kept in individual jars to exclude direct contact as 
a source of cross-infection. Their bedding, which was changed once a week, was wood shavings 
which were sterilized by autoclaving and dried before use. They were fed on Rockland mouse 
pellets. Water was provided in sterilized water bottles and tubes which were changed  daily. 
The mice were cultured in groups of convenient numbers (8 to 16). 
Irradiation.mEach of 7 groups of mice irradiated on different dates was exposed to a single 
dose of total body irradiation, carried out in the X-ray Division of the Argonne National 
Laboratory.* They received 550 r delivered at 250 kv., 15 ma., at a distance of 27 inches, using 
ram. copper and 3 ram. bakelite filters, at a rate of approximately 20 r per minute. During 
irradiation they were confined in perforated plastic tubes on a  circular plate which rotated 
slowly within the irradiated field. 
* This investigation was carried out under a contract between  the United States Atomic 
Energy Commission and The University of Chicago. 
Present address: United States Naval Radiological Defense Laboratory, San Francisco. 
t For this service the authors are indebted to Dr. Austin Brues, Director of the Division of 
Biological and Medical Research, Argonne National Laboratory. 
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Method of Culture.--A culture of blood obtained from the tail was made ear.& day, beginning 
on the 7th day post irradiation. Cultures on the first group of 10 mice were discontinued on the 
22nd day. All the other groups were cultured for only 10 days, i.e. 7th to 18th days, because 
no positive cultures occurred in the first group after the 17th day post irradiation. When a 
mouse died, it was autopsied and the heart's blood cultured. 
For a serial culture, the mouse was placed in a perforated plastic tube with its tail extending 
through a hole in the cork which held it in place. The tail was immersed for a full minute in 
tincture of iodine and then washed with 70 per cent alcohol After drying with sterile gauze, 
the distal I to 2 mm. was cut off with sterile scissors. The taft was milked and the blood which 
appeared at the cut surface drawn into a capillary pipette until 4 or 5 drops of blood had been 
obtained. This sample was cultured into (a)  brain heart infusion broth,  (b)  Brewer's semi- 
solid thioglycoiate medium, and onto (c) a blood agar plate. The cut surface was then cauter- 
ized with a  hot spatula. 
Cultures were incubated at 37  ° and examined each day for growth which, if it occurred at 
all, always became apparent after 18 hours. But ff none was visible by the 3rd day, the broth 
and thioglycoiate cultures were streaked onto blood agar plates and incubated for 48 hours, 
those from thioglycoiate in an anaerobic jar. Positive cultures were streaked onto bbod agar, 
eosin-methylene blue, and Salmonella shigdla agars,  and  the microorganisms identified by 
customary sugar fermentations. 
Unirradlate.d Controls.--36 normal unirradiated mice were cultured daily for 10 days in the 
manner just described. All these cultures were negative. 
Ireadiate~ Con#ols.--During the course of the experiment a total of 32 irradiated mice was 
cultured under more carefully controlled conditions. The purpose of this series was to check 
the reliability of the method used in the experimental series,  particularly  (a)  to make sure 
that a positive serial culture of tail blood could always be confirmed the next day by a heart's 
blood culture, and (b) to determine whether or not localized infection at the site of the wound 
might be the source of the bacteria recovered in the tail blood culture. 
(a)  To confirm the results of the tail blood cultures, mice were killed and  their heart's 
blood cultured as soon as growth had appeared in the cultures of the tail blood. Since growth 
appeared within 18 hours, this was the interval between the time the tail blood and the heart's 
blood cultures were made. The results on the heart's blood cultures were identical with those 
on the tail blood with two exceptions described below. 
(b) To determine the possibility that blood withdrawn for culture from the tail might have 
been contaminated from a  local infection of the wound, the following procedure was used: 
After the first culture had been made, the tail was sterilized in tincture of iodine, washed with 
alcohol, and covered with adhesive tape.  Before each subsequent culture the adhesive tape 
was removed and the tip of the tail cultured (before ste  "nlization) by immersing it several times 
in broth and dropping into another tube of broth the piece cut off to furnish blood for that 
day's culture. After blood had been obtained and the cut end seared, the tail was sterilized 
in iodine, rinsed in alcohol, dried, and covered again with adhesive tape. This procedure was 
begun on the 7th day post irradiation and repeated daily for 10 days, or until the tail blood 
became positive. On only two occasions were contaminants recovered in these cultures.  In 
both instances al/~ha hemolytic streptococci were found in the broth cultures of the tail sur- 
face, the piece removed, as well as the blood withdrawn, although the heart's blood culture 
showed no growth. It should be pointed out that all,  ha hemolytic streptococci were not en- 
countered in any of the serial cultures in the experimental series. 
RESULTS 
Of the 63 mice originally included in the  experimental series, 3 were excluded 
from  the  data  presented  below because  they died  before  the  7th  day.  II  had C. W. HAM'~OND,  If.  TOM:PKINS, AND  C. P.  MI~LER  407 
positive blood cultures the first time they were bled. The time of onset of their 
bacteremias, particularly of the three due to Esdzerid~ia coli or Pro~z~s, was, 
therefore, ,mknown. This uncertainty is indicated in Fig. 1 by a question mark 
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FIG. 1.  Onset and duration of bacteremia in the experimental series. All mice were cultured 
daily, beginning on the 7th day post irradiation. Negative cultures are not recorded above. 
? indicates that the time of onset of bacteremia was undetermined because the first blood cul- 
ture was positive. (?) indicates that if a culture had been made on the 6th day it would in all 
probability have been negative because all other mice with Pseudomonas bacteremia  died 
within 24 hours after the first positive blood culture. 
preceding the results on the 7th day. The question mark has been enclosed in 
parenthesis when Pseudomonas  was involved because experience  showed that 
bacteremia with this microorganism always caused death within 24 hours after 
it was detected by serial culture. It can be assumed with reasonable confidence, 
therefore, that the 6th day culture would have been negative. 
7 mice had negative blood cultures throughout the period of observation and 408  IN~ECTION  FOLLOWING  IONIZING RADIATION.  I 
survived to the 27th day post irradiation when they were killed and found to 
have negative heart's blood cultures. 
As can be seen in Fig. I, whenever one of the serial cultures became positive, 
each subsequent culture was positive and also the heart's blood culture, post 
mortem. All the positive cultures on any individual mouse contained the same 
microorganism in pure culture. 
Every mouse with a proven bacteremia died. 13 mice died and were found to 
have positive heart's blood cultures post mortem, although the last antemor- 
tern cultures had been negative. Since these mice died during the night and the 
duration of the bacteremia was unknown, they were recorded simply as positive 
autopsy cultures and in Table I  as bacteremias of < 16 hours' duration. Most 
of the bacteremias occurred during the 2nd week post irradiation. The greatest 
number of positive cultures was found on the 10th day. 
TABLE I 
Duration o/Baacremia 
Interval between First Positive Culture and Death 
Microorganism 
Pseudoraonas 
Proteus... 
E. Coll. 
Paravolobaarum . . 
<16  16-24  48  72 
11  0  0 
3  1  0 
1  1  1 
6  2  1 
96 
0 
0 
0 
2 
Not included are 11 mice with bacteremla on the 1st day of culture. 
The duration of bacteremia varied with the species of microorganism which 
mused it. Pseudomonas aerugi~sa always produced a rapidly fatal bacteremia. 
No mouse with this infection survived as long as 24 hours after the first posi- 
tive blood culture. 
The high incidence of Pseud~onas bacteremias can be explained by the fact 
that two of the groups were cultured during a period of increased prevalence of 
Pseudomanas infection among our mice. While Proteus was, in most instances, 
as rapidly fatal as Pseudomonas, one mouse survived for 48 hours. Its colony 
counts (per drop of blood) increased from 10 on the first positive culture to more 
than 100 on the last culture before death. E. coli bacteremia was tolerated in 2 
mice for 48 and 72 hours respectively. Their colony counts rose steadily on suc- 
cessive cultures. 
The bacteremias of longest duration were those due to Paracolobaarum; one 
lasted 96 hours and two others 120 hours after the first positive culture. The 
colony counts on these mice were much more nearly constant on successive 
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The mice with long continued bacteremias were of particular interest because 
they appeared to be quite healthy until the day before death. 
DISCUSSION 
Every mouse with demonstrable bacteremia died, a finding which indicates 
that once the blood stream had been invaded in an irradiated mouse, the bac- 
teremia always progressed to a fatal termination. Most of the bacteremias oc- 
curred during the  2nd week post irradiation.  The onset of three  one with 
Proteus and two with E. coli--was uncertain because they were already present 
at the time of the first serial culture. The eight Pseudomonas bacteremias de- 
tected by the first serial culture, on the 7th day, had probably begun within 
24 hours, because Pseudomonas always killed in less than 24 hours after it was 
first recovered from the blood stream. 
The length of time an animal survived after the first positive culture depended 
principally upon the microorganism involved. Paracolobactrum bacteremia was 
tolerated as long as 4 or 5 days, while at the other extreme, Pseudomonas was 
always rapidly fatal. Some animals died with bacteremia (proved at autopsy) 
although bacteria had not invaded the blood stream at the time of the last 
antemortem culture, or were not yet present in sufficient numbers to be re- 
covered in the small volume of blood used for the serial culture. 
It was not surprising that most of these instances of fulminating infection 
were mused by Pseudomonas, since on several occasions in the past 4 years this 
organism has given rise to epizootics which have resulted in very high mor- 
talities (up to  100 per cent)  among our irradiated mice, most of the deaths 
occurring in 2 or 3 days (2).  During these outbreaks no illness whatever was 
observed among the unirradiated mice. That these outbreaks were not due to 
the appearance of exceptionally virulent strains of Pseudomonas was demon- 
strated by LDs0 determinations on epizootic strains by intravenous, intraperi- 
toneal, and oral inoculation (3). 
The mortality (88 per cent) among the mice which had serial cultures was 
near the upper limit but not outside the range usually resulting from exposure 
of this strain of mice to this dose of x-ray (550 r). It should be borne in mind 
that these mice were bled each day for 10 or 14 days, at a time when they were 
obviously suffering from postirradiation anemia. 
It has been shown that bacteremia of enteric origin is a frequent occurrence 
in  mice during the  2nd  week following a  moderate dose of x-radiation  (1). 
Moreover, unpublished experiments have shown that bacteria are able to pene- 
trate the mucosa of the intestinal tract of normal mice for they can be found 
in the mesenteric lymph nodes (4). Unlike the normal mouse, which is able to 
prevent the development of generalized infection, the irradiated mouse is not 
able to prevent bacteria from entering the blood stream. Once this has occurred, 
baeteremia proceeds until the death of the animal. 410  INFECTION FOLLOV,  qNG  IONIZING RADIATION.  I 
It seems reasonable to assume that the bacteremia encountered in the experi- 
mental series originated in the intestinal tract, although the possibility cannot 
be ruled out that the tail wound might have been the portal of entry. This pos- 
sibility was excluded in the 32 irradiated controls, among which only two posi- 
tive cultures were not confirmed by heart's blood cultures.  In both  instances 
the bacteria cultured from tail blood, but not from the heart's blood, were alpha 
hemolytic streptococci, microorganisms which were not encountered in the ex- 
perimental series. The results in the irradiated controls made it seem unneces- 
sary to expend the additional time and effort required to protect the tail wound 
and to culture the piece removed. Moreover, none of the 10  serial cultures on 
each of the 36 normal controls showed growth. 
SUMMARY 
Daily cultures of blood obtained from the tail were made on mice from the 
7th day to the 17th or 22nd days after exposure to 550 r total body x-irradiation. 
Seven mice with negative blood cultures  survived to the 27th day when they 
were sacrificed and found to have negative heart's blood cultures. Every mouse 
with bacteremia died. Heart's blood cultures post mortem always confirmed 
the bacteriological findings in the serial cultures.  Most of the bacteremias  oc- 
curred between the 7th and 15th days. 
The duration of the bacteremia varied with the microorganism which caused 
it. Pseudomonas  bacteremia was always rapidly fatal. Those caused by Proteus 
and E. coli continued  for a maximum of 72 and 48 hours. Of longest duration was 
bacteremia caused by Paracolobactrum which was tolerated for as long as 5 days. 
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